the structural basis of cyclic AMP-dependent kinase specificity, when aligned with the phosphorylated sites from other physiological protein substrates of the enzyme.
The phosphorylase kinase used in these studies was purified by Mrs. Carol Taylor. The work was supported by a grant from the Science Research Council, London. In recent years there has been considerable interest in the respiratory-chain-linked dehydrogenase of Candida utilis, because, whereas in catalytic properties (Biggs et al., 1970) and composition (Tottmar & Ragan, 1971) it resembles the mammalian enzyme, the yeast enzyme differs in that its coupling to phosphorylation site 1 and sensitivity to piericidin may be varied between extreme limits, although these properties are fixed in mammalian mitochondria. Thus it has been reported that during the exponential phase of batch growth on ethanol (Katz et al., 1971 ) and on continuous culture in Fe-or Slimited media (Light & Garland, 1971 ; Ragan & Garland, 1971 ) piericidin sensitivity and site 1 are absent, but coupling site 1 reappears on aeration of the deficient cells with (Ohnishi et al., 1972) or without (Clegg & Garland, 1971 ) simultaneous appearance of piericidin sensitivity. In all these studies piericidin sensitivity and coupling site 1 were related to NADH oxidase activity, which did not fluctuate in a corresponding manner. NADH dehydrogenase activity was not measured, although it has been established, for the heart enzyme at least, that both coupling site 1 (Gutman et al., 1972) A, juglone reductase activity; x, turbidity (Es50).
site of piericidin and rotenone (Gutman et al., 1970a,b) are on NADH dehydrogenase.
Therefore it is not known whether the acquisition and loss of piericidin sensitivity and of coupling site 1 are accompanied by changes in the content of the respiratory chain-linked dehydrogenase of the inner membrane of C. utilis nor whether, in fact, the same type of dehydrogenase is present in the piercidin-insensitive and -sensitive states. The present paper shows that during the acquisition of site 1 and of piericidin sensitivity extensive synthesis of dehydrogenase occurs but the properties of the newly synthesized enzyme differ from those present initially. C. utilis was grown in batch cultures in the medium of Galzy & Slonimski (1957) at 30°C with 1.5% (v/v) ethanol as the carbon source and with the pH maintained at 5.0. Mitochondria were prepared by the method of Light & Garland (1971) , and electrontransport particles were isolated essentially as in previous work (small-scale method) (Biggs et al., 1970) . NADH oxidase and NADH dehydrogenase (ferricyanide assay at Vmax.) were measured as described elsewhere (Singer, 1973) . Fig. 1 shows that during the transition from the exponential to the stationary phase of growth, the rise in the sensitivity of NADH oxidation from 4 0 % to near maximal amounts is accompanied by a manyfold increase in NADH dehydrogenase (NADHferricyanide) activity. On following the e.p.r. (electron-paramagnetic-resonance) signals associated with NADH dehydrogenase in this experiment (in collaboration with Professor H. Beinert), a parallel increase was observed in the g = 1.92-1.95 and 1.94-1.95 regions, which probably represents F e S centres 1 and 2 of the enzyme. The fact that reduction of NADH dehydrogenase in exponential-phase electron-transport particles by NADH or dithionite does not reveal the presence of the typical Fe-S centres of the dehydrogenase might be taken to indicate that the large increase in the 'internal' NADH dehydrogenase activity, which occurs in the late-exponential phase and -stationary phase, is not merely the synthesis of more of the same type of dehydrogenase. Some support for the idea has come from studies of the kinetics of the dehydrogenase in electron-transport particles. The dehydrogenase in electron-transport particles from exponential-phase cells gives biphasic curves in double-reciprocal plots of activity versus Fe(CN),3-concentration, despite the presence of excess of antimycin A to eliminate electron flux from cytochrome c-c1 to Fe(CN)63-. In electron-transport particles from late-stationaryphase cells, on the other hand, double-reciprocal plots show no break, and the K,, value for Fe(CN)63-is tenfold higher than in exponential-phase electron-transport particles. Further, washing the particles by centrifugation three times with 1 mM-Mes [2-(Nmorphi1ino)ethanesulphonic acid] buffer, pH6.5, results in no loss of NADH dehydrogenase activity in electron-transport particles from stationary-phase cells but decreases the activity to 4 0 % in exponential-phase cells. Another interesting difference in the NADH dehydrogenase from the two cell types is that NADH-juglone reductase activity is high in electron-transport particles from exponential-phase cells, but declines, along with NADH oxidase activity, in the transition to the late-stationary phase. Mitochondria isolated from both exponential and stationary phases showed respiratory control (approx. 2.5) with ethanol as substrate, and during the transition to the stationary phase the P/O ratio increased by about 50 % (not shown), indicating the development of coupling site 1.
It has been reported (Katz et al., 1971) that when ethanol is added to late-stationaryphase cells (substrate-limited state), the sensitivity of respiration to piericidin and rotenone declines. During this period of catabolite repression there is a major decrease in the activity of NADH dehydrogenase and the specific activity of NADH oxidase in the particles rises to the high value characteristic of exponential-phase cells. Coupling site 1 disappears, juglone reductase activity rises parallel to NADH oxidase, and the doublereciprocal plots of NADH-ferricyanide assays become biphasic. Cycloheximide prevents all these changes, suggesting that active, extramitochondrial proteinsynthesis isinvolved. Such synthesis might be responsible not only for the destruction of the activities characteristic of stationary-phase cells but also for the development of the 'exponentialphase type' dehydrogenase.
The experiments described in the present paper suggest the desirability of re-evaluating the interpretation of published experiments (Clegg & Garland, 1971; Ohnishi et al., 1972) , in which cells grown on limiting Fe or S and lacking site 1 and piericidin sensitivity develop these attributes on aeration, since it is quite possible that on aeration of the deficient cells production of the 'heart-type' NADH dehydrogenase occurs, as in the transition of exponential-phase to stationary-phase cells.
